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COMPLETE SPECIFICATION 
Improvements in Variable Capacity Gear Pumps 



We, Walter Reiners and Georg Wig- 
GERMANN, both German NationalSj of 54 
Peter - Nonnenmiihlen - Alee, Munchen- 
Gladbach, Rheinland, Germany, and 10 Spitz- 

5 gartenweg, Kressbronn, Germany respec- 
tively, trading together as FIRMA REINERS 
AND WIGGERMANN, Getriebe - und 
Maschinenbau, do hereby declare the inven- 
tion, for which we pray that a patent may 

10 be granted to us, and the method by which 
it is to be performed, to be particularly 
described in and !by the following 
statement : - — 
This invention relates to variable capacity 

15 gear pumps and to an improvement in or 
mod^::ation of the gear pump arrangement 
described and claimed in Patent Specification 
No. 882,248, referred to herdnEtfter as the 
parent Specification. 

20 The gear pump arrangement claimed in 
claim 1 of the parent Specification comprises 
two two-wheel gear pumps having a single 
drive and the output from each of which 
is infinitely adjustable, each pump being con- 

25 nected to common supply and discharge con- 
duits, and a change-over device conneaed 
between one of the pumps and the said con- 
duits by means of which the direction of 
flow through said one pump is reversible, 

30 enabling both pumps to discharge simultan- 
eously in the same direction or in opposite 
directions. A similar change-over device may 
be connected between the other pump and 
the supply and discharge conduits, this 

35 arrangement enabling the direction of flow in 
the conduits to be reversed. The output from 
each pimip may be varied by means of an 
individual mechanical adjusting member, the 
two adjustmg members and the two change- 

40 over devices being operable in the same direc- 
tion or in opposite directions. 

In the gear pump arrangement disclosed 
in the parent Specification it is necessary, 
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in order to provide the largest possible 
regulating range, to utilize fully the permis- 
sible variation of distance in the case, of 
evolute teeth and to shape the teeth so that 
the greatest possible range of adjustment in 
the inter-axis wheel spacing is provided. For 
this purpose it is important to select the 
addendum circle diameter, the pitch circle 
diameter and also the number of teeth in 
such fashion that: 

1) with the minimum inter-axis wheel 
spacing the addendum circles intersect 
the then prevailing lines of action at 
points which lie adjacent the points of 
contact of said lines of action with 
the pitch circles, or coincide with these 
points; 

2) in the case of maximum inter-axis 
wheel spacing the degree of overlap 
of the teeth sdll has a value of at least 
1; and 

3) the tips of the teeth are somewhat 
pointed, the ratio between maximum 
tooth thickness and tip thickness (in 
each case in accurate measurement) 
being between about 6 and 8, 

In the case of evolute teeth constructed 
according to these conditions, however, the 
teeth acquire a form which differs from the 
usual tooth forms due to the great tooth 
height and a correspondingly great radial 
depth of gap. The deep tooth gap, which 
is relatively narrow, involves certain diffi- 
culties in produaion and it is an object 
of the present invention to avoid such difficul- 
ties. 

According to the invention there is pro- 
vided an improvement in or modification of 
the gear pump arrangement claimed in claim 
1 of Specification No, 882,248, wherein the 
gear teeth have an addendum equal to not 
less than 1.25 X module, and wherein grind- 
ing of the tooth flanks is limited to that 
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tooth part between the pitch and addendum 
circles. 

The invention is illustrated by way of 
example in the single Figure of the accom- 

5 panying drawing, which is a fragmentary side 
view of one of the gear pump wheels. 

The drawing shows four teeth designated 
iby the references la^ Ihj Ic and Id and 
the three tooth gaps disposed therebetween. 

10 The effective evolute part of the tooth flanks 
extending between the pitch circle dg and 
the addendum circle dk and having the 
height is shaped similarly in all four 
teedi and needs no further particular men- 

15 tion. The tooth gap between the teeth la 
and lb corresponds in shape to the usual 
form, wherein die evolute flanks merge at the 
pitch circle into straight lines extending 
radially of the wheel and enclosing the angle 

20 8], and finally merging through rounded jpor- 
tions into tlie root circle. In order to achieve 
the required sealing, exact mutual rolling of 
the flanks of the meshing teeth must occur, 
and fiai^k grinding of the teeth is necessary 

25 for this purpose. It is usual to cut the entire 
tooth flank including the tooth root by means 
of a milling; cutter providing a certain grind- 
ing allowance. This is indicated at the left- 
hand side of the tooth gap A between the 

30 teeth la and lb by a chain line, while the 
gap half illustrated on right-hand side of 
me tooth gap corresponds to the final ground 
tooth form. 

The relatively great radial extent of the 

35 narrow tooth gap is unsuitable either for hob- 
type milling or for grinding of the tooth 
flanks in a rounding process and the tooth gaps 
must instead be produced by means of the 
time-wasting and "therefore expensive profile 

40 milling or profile grinding process. The large 
area of contact between the grinding wheel 
and the work piece occurring during grinding 
in the region of tooth root produces very 
unpleasant lateral pressures upon the work 

45 piece and the generation of considerable heat, 
which leads to surface cracks on the work- 
piece. If, both for the lateral support of the 
grinding wheel and in order to limit the 
grinding time, the grinding operation is 

50 carried out by means of a grinding wheel 
working at both sides on the tooth flanks 
the fimher disadvantage arises that the 
radially extending grinding wheel part or the 
part grinding the gap in the region of the 

55 tooth root, even in tie case of a minimum 
removal of material by wear and trueing, 
nevertheless results in a substantial reduction 
in diameter, and the consequence thus is a 
high consumption of grinding wheels. This 

60 w5l be apparent from the profile of the 
grinding wheel indicated in hatched form in 
3ie gap between teeth la and lb. The grind- 
ing wheel side disposed to the left-hand side 
of the tooth gap is here shown in the position 

65 at the commencement of the grinding opera- 



tion and the grinding wheel side illustrated 
to the right-hand side of the tooth gap and 
also shown with hatched outline form is in the 
position at the end of the grinding operation. 

By means of the invention, the toodi flank 70 
grinding is restricted to the flank parts be- 
tween &e addendum circle dk and the pitch 
circle dg, and the non-active gap jart, com- 
mencing in the region of the pitch circle dg, 
being brought to the final dimensions in a 75 
machining operation preceding the grinding. 

Such a measure is permissible firsdy in the 
kinematic respect, since flank parts disposed 
inwardly of the pitch circle never participate 
in the flank contact. On the other Imd, how- 80 
ever, for the initially indicated reasons, in 
order to achieve a large delivery volmne such 
a deep engagement of the meshing teeth is 
necessary that the tooth flanks practically 
must be satisfactory as far as the pitch circle. 85 
If the grinding is omitted at the tooth root 
part, the radial root flaidss, already madhined 
to flnal dimensions, extend so far that the 
final grinding extends from the tooth tips only 
as far as the point p. In the preceding milling 90 
and hardening operations the occurence of 
graduation differences must always be 
expected and the tem^nation of the final 
grinding outwardly of the pitch circle then 
produces undesired inaccuracies in the tran- 95 
sition from the ground to the imground flank 
parts. 

In order to improve these conditions and 
as shown for the tooth gap B between the 
teeth Ic and Id, there is imparted to the tooth 100 
gap part inwardly of the pitch circle dg a 
shape which is formed substantially by two 
parallel faces having the spacing a and at ihz 
bottom of the gap a large rounded surface 
to which the dedendum circle df is tangential. 105 
The distance « is equal to, or slightly greater 
than, the spacing of the adjacent points of 
intersection of t£e evolutes with the pitch 
circle, so that the points p at which the final 
grinding terminates and which correspond to 110 
the intersection of the two parallel faces with 
the flank portions extending from the tooth 
tips are brought much closer to the pitch 
circle due to the resulting flank curvature 
at these points. This has the advantage of 115 
a significantly reduced sensitivity in the grind- 
ing operation with regard to the above-men- 
tioned graduation differences. A furAer 
advantage is that it is possible to effect the 
flank grinding by a rolling operation, since 120 
due to the bend produced by the tooth flank 
in the region of the pitch circle the grinding 
wheel, especially when the distance a is made 
a little larger than the spacing of the evolute 
intersection points with the pitch circle, has 125 
a certain termination and the grinding wheel 
periphery must project only by a small amount 
mto the pre-miUed tooth gap part (see the 
tooth gap existing between the teeth Ic and lb 
and the grinding wheel profile illustrated by 130 
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hatdiing). Here apain the left-hand side of 
the gap and the grinding wheel are illustrated 
at &t oonrniencement of grinding and the 
right-hand side of the gap and the grinding 

5 wheel at the end of the grinding operation. 
Such a construction of the tooth gap stiU 
has the disadvantage that the an^e S2 of the 
grinding wheel profile can only be very acute 
and accordingly here again the wear on the 

10 grinding wheel in grinding and trueing results 
in relatively great losses of diameter. By way 
of eacplanation it should here be mentioned 
that a variation x of the grinding wheel in 
directions normal to ilie oblique grinding faces 

15 of the grinding wheel caused by wear or 
trueing of the wheel with a diamond always 
results in a reduction of grinding wheel dia- 
meter of AD=2s:/sinS, where S is tib^e an^e 
formed by the oblique faces of the grindmg 

20 wheel. Accordingly, in the case of the grinding 
wheel indicated between the teeth Ic, Id, 
wearing or trueing of the grinding wh^ by 
x=0.1 mm. corresponds to a reduction in 
diameter of about 0.4 mm, whereby consider- 

25 able grinding wheel expenses are still in- 
curred. 

The development of the tooth gap form 
B, beside the stated advantages, still has the 
disadvantage that milling of die tooth flanks 

30 must take place with profile cutters and in 
a partial process. The invention, however, 
removes even this disadvantage and improves 
the tooth gap form so far tliat milling in 
the region of the tooth tips with grinding 

35 allowance and in the region of the tooth 
roots to final dimensions, can be effected in 
a single working operanon by means of hob- 
type cutters. At the same time the transition 
of the tooth root without grinding allowance 

40 into the flank part with grinding allowance 
is shortened still further m order to reduce 
the sensitivity of the grinding operation (see 
above) than was the case of the toodi root 
of the previous example formed by equi- 

45 distant Imes. To this end the gap part wMch 
forms the tooth roots is formed within the 
pitch circle dg with an undercut, which 
commences in the region of the pitch circle 
and is represented as a widening of the gap. 

50 In the case of such a gap form (see the 
tooth gap C between the teeth Ih and Ic) 
the transition of the tooth root into the tooth 
tip appears as a relatively sharp bend, which 
provides a further shortening or the transition 

55 zone of the root part without grinding allow- 
ance into the tip pan with grinding allowance 
and thus a further reduction of me harmful 
influence of the graduation differences. How- 
ever, in the case of the undercut tooth gap 

60 form the most important point is that it can 
be produced with a milling cutter profile by 
the hobbing process, so that both the milling 
and the grinding of the teeth can be carried 
out by a rolling process. 

65 With regard to the grinding operation the 



undercut tooth form also provides the advan- 
tage that it is possible to permit the grinding 
wheel to dip deeper into the tooth gap in 
the rolling grinding, which renders possible 
an enlargement of the wedge angle 83. Apart 
from a favourable alteration of the relation 
of the grinding wheel wear x to reduction of 
the grinding wheel diameter, the increased 
wedge angle has the further advantages firstly 
that the contact area of the grinding wheel 
with the tooth flank and thus the generation 
of crack-lorming heat are reduced, and 
secondly that the grinding pressure occurring 
in the direction normal to the oblique grind- 
ing wheel faces has a larger component in 
the direction toward the grinding wheel 
spindle, so that there is a smaller transverse 
stressing of the grinding wheel. A further 
advantage of the undercut tooth flank is that 
the radially measured position of the bend 
of the tooth flank, characterising the transition 
of the tooth root part to the active , tooth 
tip part, is influenced much less by small 
deviations in the exact grinding wheel dia- 
meter. 

An advantage not mentioned hitherto but 
which is nevertheless of importance in limit- 
ing of the flank grinding to the tooth tip 
part is the increased durability of the teetfi 
m the tooth root part. This arises due to 
the fact that the positive pressure stress form- 
ing, for example, during hardening is main- 
tained in the case hardened layer on the 
surface of the material due to the omission 
of grinding. 

In many practical cases of use of the 
adjustable gear pump die latter is always 
operated only in one direction of rotation and 
a change to the opposite direction is not 
readily possible if only due to variations in 
the internal housing shape. For the further 
cheapening of production the individual gear 
wheels of the pump then need be ground only 
on those tooth flanks which come into active 
contact with the tooth flanks of the meshing 
wheel. 

It should also be mentioned that the 
invention extends to gear pumps with fixed 
inter-axis distance, if their teeth also have 
the^ properties of design set forth in the 
variable ^ear pump, in order to achieve a 
high specific delivery volume. In amplifica- 
tion of the features of the teeth in question 
the invention refers in general to those pump 
gears of which the height of the tooth tip 
part Hfe=(££fe— rff)/2, contrary to that of 
the standard teeth (Hk=m), corresponds at 
least to an addendum 1.25 times the module. 

WHAT WE <XAIM IS:— 

1. An improvement in or modification of 
the gear pump arrangement claimed in claim 
I of Specification No. 882,248, wherein the 
gear teeth have an addendum equal to not 
less than 1.25 X module, and wherein grind- 
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ing of the tooth flanks is limited to that 
tooth part between the pitch and addendum 
circles. 

2. Gear pump arrangement as claimed in 
5 claim 1, wherein the root part inside the 
pitch circle of the gap hetween two adjacent 
teeth is formed by parallel faces spaced equi- 
distantly from a plane radially of the gear 
wheel. 

10 3. Gear pump arrangement as claimed in 
claim 1, wherein the root part inside the 
pitch circle of the gap between two adjacent 
teeth is formed by undercutting the tooth 
flanks approximately at the pitch circle. 

15 4. Gear pump arrangement as claimed 
in claim 1, 2 or 3, wherein the root part 



of each tooth gap is milled to the final 
dimensions. 

5. Gear pump arrangement as claimed in 
any one of the preceding claims, wherein only 20 
that tooth flank of each tooth which is active 

in operation is ground. 

6. The improvement in or modification of 
the gear pump arrangement claimed in Speci- 
fication No. 882,2^ substantially as des- 25 
crlbed and as shown at B or C of the 
accompanying drawing. 

For the Applicants: 
MATTHEWS, HADDAN & CO., 
Chartered Patent Agents, 
31/32^ Bedford Street, 
London, W,C2. 
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/ SHEET jhis drawing is a reproduction of 
the Original on a reduced scale. 



